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Abstract 
Users of International Land Ports of Entries (LPOEs) at the US – Mexico border experience excessive wait times on 
a daily basis. This contributes to the increased transportation costs, and also generates health and environmental 
problems in border regions. Traffic simulation models are effective tools for evaluating passenger vehicle, 
pedestrian and commercial traffic operations. These tools can be used to assess various scenarios and visualize 
current traffic conditions. Results obtained from these tools should be taken into account in congestion relief 
decision making processes. The research team developed, calibrated and validated three traffic models of the Ysleta-
Zaragoza LPOE using three different software packages (i.e., TransModeler, VISSIM, and Aimsun). This paper 
presents advantages and disadvantages of each tool when modeling international LPOEs. Results presented herein 
can be used by practitioners to decide which tool should to be used for modeling LPOEs at the U.S. – Mexico 
border. 
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1. Introduction 
Binational metropolitan regions consist of two or more different municipalities that belong to two different 
countries, and present a continuous transnational conurbation1. Some of the most populated binational metropolitan 
regions in the world are located along the U.S. - Mexico border. The only connection between these municipalities 
and countries are Land Port of Entries (LPOEs). 
El Paso – Ciudad Juarez binational region (also called Borderplex or Paso Del Norte) is a one of the largest 
binational areas in the world with more than 2.5 million people. Since the implementation of the North American 
Free Trade Agreement in 1994, trade volumes and associated freight traffic increased substantially between Mexico 
and the U.S. border. This growth, coupled with the implementation of additional security protocols at LPOEs after 
9/11, has increased wait times at the border crossings and negatively impacted traffic operations efficiency within 
the crossings and their surrounding areas. These circumstances produce a significant economic loss, as well as health 
and environmental problems along the border. Recent studies estimate an economic loss of approximately $54 
billion USD per year if effective measures to expedite border crossing operations are not implemented by 20352. 
Traffic simulation models are effective tools for evaluating passenger vehicle, pedestrian and commercial traffic 
operations. These tools can be used to assess various scenarios and visualize current traffic conditions. Results 
obtained from these tools should be taken into account during congestion relief decision making processes. 
Throughout the last two decades, these tools are proven valid in evaluating everyday traffic operations. Several 
studies have been also done to test microsimulation capabilities for border crossing operations3,4,5. 
The objective of the study presented here is to evaluate three different traffic simulation software packages (i.e., 
TransModeler, VISSIM, and Aimsun) during the development, calibration and validation of the Ysleta-Zaragoza 
LPOE6,7,8. Specifically, this paper presents advantages, disadvantages and the overall performance of each tool when 
modeling international LPOEs. Results presented in this paper can be used by practitioners when deciding which 
tool should be used for modeling LPOEs at the U.S. – Mexico border. 
The test bed is the Ysleta Zaragoza LPOE. This LPOE is a main connection point between El Paso, Texas, USA 
with Ciudad Juarez, Chihuahua, Mexico. Specifically, the Ysleta Zaragoza LPOE allows border crossing operations 
of pedestrians, passenger vehicles and commercial vehicles. Traffic volumes and average wait times for regular 
working day were obtained from the field, the City of El Paso (owner and operator of the LPOE), and Customs and 
Border Protection (CBP) wait times website9. Three distinct traffic modeling packages were used to model the 
facility: TransModeler, Aimsun and VISSIM. All three tools were calibrated using traffic volumes and validated in 
terms of average wait times. The analysis was conducted for a 24-hour period.  
2. Literature review 
A series of reports and summaries shows that traffic modeling tools have a great potential in the evaluation of 
border crossing operational strategies4,10,11. Traffic simulation has been proposed as a tool for efficiency analysis of 
border crossing operations at the U.S.-Mexico border12. Work done by Brijmohan3 evaluated effectiveness of 
priority measures (for pre-screened users) at border crossings between U.S. and Canada using microsimulation 
models. Out of 140 international ports of entry, the author modeled two using WESTA and VISSIM software 
packages. No access roads close to the border crossings were modeled. Average travel time, throughput, and percent 
of demand serviced were used as performance measures. While testing various scenarios, it was concluded that the 
priority programs can significantly reduce crossing delays and that microsimulation can effectively be used to model 
border crossings3. Brijmohan and Khan presented similar findings13. 
Khan aimed at development of efficient, reliable and cost-effective methods for auto estimation of queuing and 
delay at border crossings and the establishment of real time alerts for road users and the authorities. The author used 
a microsimulation approach, combined with the machine learning represented by Artificial Neural Network models 
developed in MATLAB. The study also used complementary software to convey road message to the users via 
dynamic message signs. The system uses predictive models of queue formation and dissipation that receive data 
from traffic sensors14.  
Nittymaki calibrated microsimulation model for South Eastern Finland conditions, at the border with Russia. The 
reason for using traffic simulation was the significant increment of heavy traffic operations at the border (trade 
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related). The author concluded that the traffic performance measures for this region can be expressed realistically 
using traffic microsimulation tools. Traffic microsimulation tools can be used for developing capacity enhancement 
scenarios such as adding lanes and extending parking lots15. 
Moreover, Vidana & Rajbhandari evaluated commercial vehicles mobility between maquiladoras and 
international border crossings for El Paso-Ciudad Juarez binational region developing a large scale microsimulation 
model for Ciudad Juarez16. The authors used Paramics17 software package. Travel time and delays were the main 
measures of effectiveness identified. Results showed delays of up to 60% of total travel time for the network 
developed, indicating higher costs for shipping and moving goods. Congestion was attributed to the inner urban 
areas with narrow streets, which are part of commercial vehicles paths. The El Paso-Ciudad Juarez binational region 
was also modeled using dynamic traffic assignment (DTA). Several scenarios were tested in DYNASMART-P, 
from increased inspection time to the new technology implementation at LPOEs. It was concluded that DTA models 
can be successfully used in LPOEs operation evaluation5.  
As the literature review shows, there are efforts on the applicability of traffic simulation models to the border 
conditions. However, there is not much research on the ability of various microsimulation tools to properly capture 
traffic phenomena at the border. Further, previous research does not discuss the advantages and disadvantages of 
different microsimulation tools when conducting such studies. This paper aims to bridge that gap. 
3. Methodology 
The methodology followed in this work consists of four steps:  
1) Define traffic simulation software for the analysis; 
2) Develop the traffic network using the selected software; 
3) Calibrate and validate the network based on the data collected from various sources; and 
4) Note and discuss advantages and disadvantages of each tool tested. 
Based on the discussion with the El Paso Metropolitan Planning Organization, previous research efforts, and the 
traffic simulation software market share in the U.S., the team selected the following traffic simulation software 
packages to be tested for modeling LPOE border crossings: TransModeler, developed by Caliper Corporation, based 
in the U.S.; Aimsun, developed by Transport Simulation Systems in Spain; and PTV VISSIM, developed by the 
PTV Group in Germany. 
The facility to be modeled is the Ysleta-Zaragoza LPOE. It is located in the southeast part of the El Paso-Ciudad 
Juarez binational area. Currently, the bridge serves passenger vehicles, commercial vehicles, and pedestrians. The 
bridge consists of 17 passenger vehicle lanes heading northbound, from Mexico to the U.S., and 5 passenger lanes 
heading southbound, from U.S. to Mexico. To account for the nearby traffic impact, the three models include one 
signalized intersection on the U.S. side at S Zaragoza Rd and S Americas Ave.  
The model was built, calibrated and validated for a 24-hour period. The team collected the following data: 
turning movement counts at the intersection, average wait times at the inspection station, intersection and crossing 
geometry, speed limits, traffic signal data, and number of inspection and toll lanes per hourly period. Calibration is 
done manually for turning movement counts at the signalized intersection. Note that well calibrated NB and SB 
intersection approaches indicate that the entry/exit border-cross traffic is also well calibrated. Fig. 1 shows 
calibration results for all approaches at S Zaragoza Rd and S Americas Ave intersection for 24-hour period. Every 
dot on a chart represents the number of vehicles per movement (e.g., left, thru, right) per hour. Each software 
package tested showed the ability to mimic field conditions properly. As coefficient of determination (R2) shows, 
the error was 10% or less for all three software packages tested. Calibration is done manually, by adjusting 
parameters for car following and lane changing models. 
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Fig. 1. Calibration results for signalized intersection next to the Ysleta Zaragoza LPOE. 
Validation is the applicability of the calibrated model for different traffic conditions (different day or week). 
Validation of the traffic simulation models is done based on average wait times at the crossings in NB and SB 
directions. Fig. 2 shows the validation results. To show the applicability of the traffic simulation models for various 
days, the data for calibration (traffic counts) and validation (wait times) were collected on different days. Validation 
results show that the models developed in Aimsun, TransModeler and VISSIM were successfully validated, and 
could be used to assess various traffic scenarios. Aimsun and TransModeler software packages showed the best 
match with the field, while VISSIM had lower match with the field in SB direction (R2=0.49). The authors did not 
use any supporting scripting tool in VISSIM to model border delays, which may be the reason of slightly lower 
match. The script would help model the border delays better, but it was out of the scope in this project. There were 
no waiting times during the night hours, which limited amount of validation data points, especially in SB direction. 
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Fig. 2 Wait time validation at the Ysleta Zaragoza LPOE. 
4. Discussion 
There is no perfect traffic modelling tool. Although each of the three software package subjected to analysis in 
this paper are based on a similar theories (e.g., car following and lane changing algorithms), each one has specific 
strength areas. The following paragraphs summarize advantages and disadvantages of each software package 
evaluated.  
4.1. Advantages of Aimsun 
In Aimsun, all commands necessary for modeling of LPOEs are available in the default menu. LPOE users 
experience high delays, which can reach 60 minutes during peak hours. To model such congested conditions and 
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wait times properly, the modeler has to have specific commands available. Aimsun has powerful ramp metering 
options built in, which allows modeling of various delay values coupled with the standard deviation per specified 
time period. This option was used to model and calibrate wait times at inspection booths in Aimsun. The user 
interface is friendly and the software is stable. 
4.2. Disadvantages of Aimsun 
Aimsun defines one turning movement table for each time period, which can be inconvenient when navigating 
between different time periods to change the numerical values. Background maps are not embedded in the software; 
the user has to manually choose the stored map for specific area every time it opens the Aimsun project. 
4.3. Advantages of VISSIM 
VISSIM has a powerful vehicle routing decision model, allowing easy input of large amount of turning 
movement count data. If the user has the data ready in an Excel spreadsheet, the data can be easily copy and pasted 
into VISSIM.  
Driving behavior can be modeled separately for each link in the model. This allows modeling more aggressive 
driving behavior close to the inspection stations where high wait times occur. Drivers that experience congested 
traffic conditions are prone to more aggressive lane change maneuvers. The simulation cannot replicate that type of 
behavior with its default parameters. The main strength of VISSIM is that the user can easily switch the driving 
behavior sets for each link, since more aggressive behavior is not related to the other parts of the network, only the 
links close to the inspection stations. 
4.4. Disadvantages of VISSIM 
If there is no script available or the modeler does not have solid programming knowledge, it is time consuming to 
properly validate the model in terms of wait times. Unlike Aimsun, there is no default option to allow modeling 
delays in specific time periods. The stop signs in VISSIM have a time distribution (delay) option, but only for the 
whole simulation period, not specific time frames. Considering that the wait times at border crossings vary 
significantly during the day, this option was not applicable for our purpose. Lane change behavior for heavy 
congested conditions has to be carefully adjusted; otherwise vehicles will not behave realistically. For example, if 
the parameters are left default, some lanes approaching the inspection station will be empty while others will be 
packed with queued vehicles. This is related to the default driving behavior parameter set. To alleviate this type of 
behavior, the user has to set more aggressive driving behavior parameters. Also, VISSIM also does not have a 
proper toolbox when it comes to lane closure management. If the user wants to close some lanes for a specific 
period of time, it has to be scripted with purpose written code (e.g., VBA, Python, C++, etc.) and linked to VISSIM. 
4.5 Advantages of TransModeler 
TransModeler has an option to balance traffic flows entering the model. The software checks the numerical 
inputs for each turn and balances the traffic accordingly. For example, if there are more vehicles in the network 
wanting to make a turn than what is assigned by the user, the vehicles can drop from the network. This option can be 
turned on or off, or the user can assign the acceptable percentile of turns over the assigned value. In this study this 
option was turned off because it is mainly developed for planning purposes. Using it for analysis on a micro level 
can bias the output. TransModeler also has good linkage on meso and macro levels under the same platform. If 
necessary, the user has an option to choose which links are to be modeled on a micro scale and which ones on a 
macro/meso scale. This option is important when simulating large scale networks and the user wants to shorten the 
simulation time. TransModeler has a powerful default toolbox for lane closures and work zones modeling by desired 
time interval desired, which gives this tool an advantage over Aimsun and VISSIM. 
4.6. Disadvantages of TransModeler 
The turning movement table is available for intersections only. For all other inputs (such as inputs for freeways or 
physically separated toll road facilities) the user has to use O-D matrices. TransModeler is sensitive to path setups; if 
you change the path where the folder is stored, or rename any component, it will ask to link all the components to 
the TransModeler again (O-D matrices, turning movement tables, signal files, etc.). This can be time consuming, 
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especially if the work is done on different computers (e.g., working in the office, from home, or in the spare time 
during a trip). The supporting script is necessary to replicate high wait times at inspection stations. Otherwise, high 
delay values are almost impossible to calibrate. All electronic user manuals are accessible only when running the 
TransModeler. The user is not allowed to save or print any e-manual, which is not the case with other tools tested.  
Fig. 3 shows overall grades for three evaluated software on an incremental scale from 1 to 5. Grade 5 is the 
highest grade and it represents excellent overall performance. The lowest grade is grade 1 and it represents very 
poor overall experience with the specific process/tool in the software. Fig. 3 is assembled based on the authors 
experience during the modeling of Ysleta Zaragoza border crossing.  
 
 
Fig. 3 Overall performance evaluation for Aimsun, VISSIM and TransModeler 
5. Recommendations and future research 
The authors recommend the following to be considered when conduction microsimulation modeling of border 
crossing area: 
1. Check the data availability – due to the national security concerns, some data may be difficult to obtain 
2. If the modeler does not have moderate programming knowledge (e.g., VBA, Python, C++), Aimsun might be 
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the optimal tool for performing border crossings modeling 
3. If the border crossing model is (to be) a part of larger regional model, the modeler should pick a tool which 
has good transition between micro and meso/macro level such as Aimsun or TransModeler 
4. If the modeler needs to use a relevant hybrid model (e.g., combination of mesoscopic and microscopic 
levels), the part of the network to be modeled on a mesoscopic level has first to be calibrated and validated 
on a micro scale. For large-scale models, this can be too time consuming and cost inefficient 
5. If toll data are available and required to be modeled, consider a tool with good toll algorithms such as 
TransModeler 
6. Strong modeling knowledge is required – border crossing modeling requires attention to detail, such as 
driving behavior setup, lane change adjustments and wait time calibration 
Future research should include connecting microsimulation software evaluated herein, with EPA’s emission 
software MOVES and development of several what-if scenarios to evaluate possible improvements in border 
operations. This research is based on limited amount of observations, and the analyses are done in hourly intervals 
Future research should include more observation and more detailed statistical analysis in 15-min time intervals.  
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